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The polarization of Ξ0 and Ξ
0
hyperons produced by 800 GeV/c protons on a BeO target at a fixed targeting
angle of 4.8 mrad is measured by the KTeV experiment at Fermilab. Our result of 9.7% for Ξ0 polarization
shows no significant energy dependence when compared to a result obtained at 400 GeV/c production energy
and at twice our targeting angle. The polarization of the Ξ
0
is measured for the first time and found to be
consistent with zero. We also examine the dependence of polarization on production pt.
PACS numbers: 13.30.Ce, 14.20.Jn
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I. INTRODUCTION
Although there is an abundance of data on the sub-
ject of hyperon polarization in hadroproduction, there
is still no theory that can correctly explain these data.
The discovery of hyperon polarization at Fermilab was
unexpected [1]. The simplest application of perturbative
Quantum Chromodynamics (pQCD) assuming massless
quarks predicts no polarization effects. If one considers
a theory where both proton valence and sea quarks can
be polarized in the collision, then some correlation be-
tween SU(6) wavefunctions and the measured sign and
magnitude of polarization is possible [2]. But the pat-
tern of polarization for the various hyperons is far more
complex than this theory can handle. More significantly,
no theory can explain the observation of anti-hyperon
polarization in high energy collisions. Considering the
latter point, it is important to measure the polarization
for all the anti-hyperons. This letter reports on measure-
ments of the energy dependence in Ξ0 polarization and
the first measurement of polarization in Ξ
0
production
by the KTeV experiment at Fermilab, using the decay
Ξ◦ → Λpi◦.
The production and polarization of hyperons and anti-
hyperons have historically been measured as a function
of hyperon momentum (p), production angle (θ), beam
energy (pbeam) and target material [3,4]. Results are typ-
ically reported as a function of the combined variables of
transverse momentum, pt=p sinθ, and longitudinal mo-
mentum fraction, also called Feynman x, xF=p/pbeam.
For a fixed angle of hyperon production, as in the data
reported here, the two variables are proportional to each
other. We report our polarization results as a function
of pt.
Experiments have shown a wide variety of polariza-
tion behavior with respect to pt and xF [2,4-8]. Refer-
ence [8] reported an equal polarization between Λ at 800
GeV/c with 4.8 mrad targeting and at 400 GeV/c with
9.6 mrad targeting. In contrast, measurements of the Σ+
and Σ
−
polarization [6] have shown a decrease of polar-
ization for 800 GeV/c production when compared to 400
GeV/c prodcution. And finally, an increase in polariza-
tion of the Ξ− as a function of the beam energy, from
400 GeV/c to 800 GeV/c, has been measured [7].
There is not as much polarization data for anti-
hyperons. Most are produced with no polarization. Ex-
1
ceptions are 800 GeV/c production of Ξ
+
in E756 [9] and
Σ
−
in E761 [6]. In these experiments, the anti-hyperons
were produced with the same magnitude and sign of po-
larization as their hyperon counterparts.
II. BEAM
The data discussed in this letter were obtained by the
KTeV experiment at Fermilab. It used an 800 GeV/c
proton beam with a 19 second spill of ∼ 5× 1012 protons
once per minute. The 1.1 interaction length (30 cm) BeO
target was targeted at a mean downward angle of 4.80 ±
0.15 mrad with a rms spread of ± 0.24 mrad. Down-
stream of this target was a set of sweeping magnets used
to remove charged particles. At this targeting angle and
beam energy, then xF = 0.26pt(GeV/c)
A right handed KTeV coordinate system was defined
with the z-axis along the hyperon beam momentum (pΞ)
and the y-axis along the vertical direction. For strong
production processes polarization should be normal to
the production plane. Polarization is defined as positive
when it is along the normal unit vector nˆ = pˆp × pˆΞ,
where pˆp and pˆΞ are unit vectors along the incident pro-
ton beam momentum and along the produced Ξ momen-
tum respectively. The nˆ vector is along the negative xˆ
direction of the KTeV coordinate system.
Located in the target area, the neutral beam sweeping
magnets had their magnetic fields oriented in the vertical
(yˆ) direction. Their combined field value was set such
that the Ξ0 spin was precessed into the zˆ-direction. By
switching the polarity of a final rotational magnet (RoM),
whose field was parallel to the xˆ-direction, the Ξ0 spin
was finally precessed alternately into the positive and
then negative yˆ-axis approximately once a day. We used
the known value of the Ξ0 magnetic moment [10] to set
the magnet field values.
A series of collimators defined two nearly parallel neu-
tral beams that entered the KTeV apparatus 94 m down-
stream from the target. The composition of the beams
was mainly neutrons and KL’s, with a small admixture
of Λ’s and Ξ’s.
III. DETECTOR
The KTeV apparatus consisted of a 65 m vacuum
(∼10−6 Torr) decay region followed by a charged parti-
cle spectrometer. This spectrometer consisted of a dipole
analysis magnet (AnM) with two drift chambers on either
side of it. To reduce multiple scattering, helium-filled
bags occupied the spaces between the drift chambers. For
the data discussed here, the magnetic field imparted a
205 MeV/c horizontal momentum component to charged
particles. The AnM field direction was reversed approx-
imately once a day. The momentum resolution of the
spectrometer was σ(p)/p = 0.38% ⊕ 0.016% p (GeV/c),
where the sum is in quadrature.
The charged particle spectrometer was followed by a
(1.9×1.9m2) electromagnetic calorimeter (ECAL), which
consisted of 3100 pure CsI crystals. After calibration, the
ECAL energy resolution was better than 1% for an elec-
tron momentum between 2 and 60 GeV/c. The position
resolution was 1 mm.
Nine photon veto assemblies detected particles leav-
ing the fiducial volume. Two scintillator hodoscopes in
front of the ECAL were used to trigger on charged par-
ticles. Another scintillator plane (hadron-anti), located
behind both the ECAL and a 10 cm lead wall, acted as
a hadron shower veto. The hodoscopes and the ECAL
detectors had two holes, and the hadron-anti had a single
hole to let the neutral beams pass through without in-
teraction. Charged particles passing through these holes
were detected by 16 × 16 cm2 scintillators (hole coun-
ters) located along each beam line in the hole region just
downstream of the hadron-anti. Two steel walls, with
two sets of hodoscopes, acted as a muon identifier.
Decays of the type Ξ0 → Λpi0(Ξ0 → Λpi0) produce a
high momentum (>100 GeV/c) positive(negative) track
proton(antiproton) which remains in or near the neutral
beam region. In addition there is a second lower momen-
tum pi−(pi+) track and two ECAL energy clusters not
associated with tracks that correspond to the two pho-
tons from the pi0 decay. Our trigger was based on these
signatures.
IV. DATA ANALYSIS
We reconstruct Ξ◦ → Λpi◦ decays and the antihyperon
counterpart from both charged track and ECAL cluster
quantities. From the energy and position of the photons
entering the calorimeter, the position of the Ξ0 vertex
along the beam is calculated as (∆z) = (δ/mpi0)
√
E1E2,
where ∆z is the distance of the vertex from the ECAL
position, E1 and E2 are the energies of the photons, δ is
the distance between the photons at the calorimeter and
m0pi is the known [10] pi
0 mass. The reconstructed proton
and pi− momentum vectors, in the Ξ0 case, are combined
to form the Λ momentum vector, which defines its flight
path. The Λ flight path is extrapolated backwards to
the point where it intersects the z-plane of the Ξ0 decay.
This intersection yields the x and y coordinates of the
Ξ0 decay vertex. Further details of the KTeV hyperon
trigger and analysis cuts used to reduce background can
be found in previous papers [11,12].
For the selected data, Fig. 1 shows the effect on the
reconstructed Ξ0 mass after all cuts for various combi-
nations of analysis magnet and spin rotational magnet
settings. The remaining background levels for the Λpi0
mass peaks are less than 0.5%.
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The Ξ0 or Ξ
0
polarization was determined by first
splitting our data into two oppositely polarized samples
(RoM> 0, RoM< 0) and then calculating the direction
cosines (cos θx, cos θy, cos θz) of the Λ momentum vector
in the Ξ0 rest frame. For a sample of decays where the Ξ0
has an average polarization P , the normalized direction
cosine distribution (f±) is
f±(cos θk) =
dN
d cos θk
= A(cos θk)(1± αΞ0Pkcosθk) (1)
where k = x, y, z and Pk is the k-component of polar-
ization P along the kˆ-axis. A(cos θk) is a function that
describes the experimental acceptance for Ξ0 decays as a
function of the Λ direction cosine and is a strong func-
tion of the analysis magnet (AnM) setting for the cosθx
distribution. αΞ0 is the known Ξ
0 decay asymmetry pa-
rameter [10]. The quantity f+ (f−) is proportional to the
fraction of the up (down) precession sample for a given
value of cos θk.
FIG. 1. Reconstructed cascade mass from data for various
Analysis (AnM) and Rotational Magnet (RoM) conditions,
before (solid line) and after (dash line) the application of the
analysis cuts.
The anti-symmetric ratio:
R(cos θk) =
(f+ − f−)
(f+ + f−)
= αΞ0Pk cos θk (2)
has a slope with respect to cos θk which gives the asym-
metry αΞ0Pk, from which the polarization component Pk
is obtained. As long as the acceptance of the detector is
factorable and does not vary rapidly with time, it cancels
out in the ratio. Figure 2 shows a comparison between
the Λ direction cosine distributions for the two RoM ro-
tational magnet settings. We have combined the data
from the two AnM settings for each RoM setting in this
figure. As can be seen in the plots in the left column of
Fig. 2, the pairs of distributions are essentially identical
in the xˆ and zˆ directions. In the yˆ direction, however, the
two distributions are clearly different, showing the effect
of the Ξ0 polarization on the Λ decay distribution.
These effects are even more visible in the plots of the
ratio defined in Eq. (2) and are shown in the right col-
umn of Fig. 2. Linear fits to these graphs extract the
polarization components Px, Py, Pz . The extracted fit-
ted slopes for the xˆ and zˆ directions are consistent with
zero (Px = Pz = −0.001 ± 0.003stat), while the yˆ slope
shows a clear indication of the polarization effect. Af-
ter taking into account acceptance differences of the or-
der of 10%, using Monte Carlo generated events [11,12],
the extracted polarization in the yˆ-direction is Py =
−0.097 ± 0.007stat ± 0.013sys. The systematic error is
based on the largest value for polarization seen in the xˆ
and zˆ directions. We also checked that varying analysis
cuts by 10% of their nominal values had no significant
effect on polarization values. Monte Carlo reconstructed
values for polarization track linearly with input polariza-
tion, at a level much better than the stated systematic
error. The error on αΞ◦ is included in the Py result.
FIG. 2. Normalized direction cosine distributions f±
(RoM> 0/RoM< 0) in xˆ, yˆ, zˆ direction for Ξ0 → Λpi0 de-
cays, on the left. Histogram and dots represent the f+ and
f− distributions respectively. Graphs on the right, show the
ratio R(cos θk). Error bars are statistical only.
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We carried out a polarization analysis for the Ξ
0
de-
cay mode as well. Fig. 3 shows a comparison between
the Λ direction cosine distributions for the two RoM
rotational magnet settings. As can be seen, the pairs
of distributions are essentially identical in all directions,
indicating no statistically significant polarization effect
for the Ξ
0
. Taking into account the small acceptance
effect, the extracted y-component polarization is Py =
0.000 ± 0.013stat ± 0.013sys. The Px and Pz results re-
main consistent with zero.
To study the detailed momentum dependence of po-
larization in Ξ0 and Ξ
0
production we divided the data
into transverse momentum bins. For each bin, the corre-
sponding polarization was calculated. Results are shown
in Fig. 4 as a function of the transverse momentum for
Ξ0 and Ξ
0
. Errors shown are statistical only.
FIG. 3. Normalized direction cosine distributions f± in
xˆ, yˆ, zˆ for Ξ
0
→ Λpi0 decays, on the left. Histogram is the f+
and dots represent the f− distribution. Graphs on the right,
show the ratio R(cos θk). Error bars are statistical only.
Comparable data from a past Fermilab experiment [4]
have been superimposed on this plot. Those Ξ0 data had
a targeting angle of 9.8 mrad, approximately twice our
targeting angle, a proton beam energy of 400 GeV, half
of our KTeV energy, and a similar target material (Be).
For a given value of pt, these data samples have the same
xF value as the data presented here, and are therefore
directly comparable. No significant change in Ξ0 polar-
ization is seen between the two production energies of 400
and 800 GeV. Also, the Λ polarization from the Fermilab
experiment E799I [8] is shown, produced with the same
targeting angle of 4.8 mrad and proton beam energy of
800 GeV. There is a striking similarity between Λ and Ξ0
polarization.
V. CONCLUSION
In conclusion, we have measured the polarization of
the Ξ0 and Ξ
0
hyperons produced by 800 GeV/c protons
at a fixed targeting angle of 4.8 mrad for the first time.
Comparing the measured polarization values for the Ξ0
decay mode with those determined previously for pro-
duction at 400 GeV/c and a targeting angle of 9.8 mrad,
we find there is no energy dependence in Ξ0 production.
We also find no statistically significant polarization for
the Ξ
0
at 800 GeV/c. This is in contrast to two previous
reports for other anti-hyperon polarizations [6,9].
4.8 mrad 800 GeV/c   - KTeV Ξ– 0
4.8 mrad 800 GeV/c   - KTeV Ξ0
9.8 mrad 400 GeV/c   - Heller et al. Ξ0
4.8 mrad 800 GeV/c   - Ramberg et al. Λ
FIG. 4. Ξ0 and Ξ
0
polarization versus production trans-
verse momentum pt. For comparison, Ξ
0 data [4] from 400
GeV/c and Λ data [8] from 800 GeV/c are also shown.
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